Ribotoxic stress response to the trichothecene deoxynivalenol in the macrophage involves the SRC family kinase Hck.
Trichothecene mycotoxins and other translational inhibitors activate mitogen-activated protein kinase (MAPKs) by a mechanism called the "ribotoxic stress response," which drives both cytokine gene expression and apoptosis in macrophages. The purpose of this study was to identify upstream kinases involved in the ribotoxic stress response using the trichothecene deoxynivalenol (DON) and the RAW 264.7 macrophage as models. DON (100 to 1000 ng/ml) dose-dependently induced phosphorylation of c-Jun N-terminal protein kinase (JNK), extracellular signal-regulated kinase (ERK), and p38 MAPKs. MAPK phosphorylation in response to DON exposure occurred as early as 5 min, was maximal from 15 to 30 min, and lasted up to 8 h. Preincubation with inhibitors of protein kinase C, protein kinase A, or phospholipase C had no effect on DON-induced MAPK phosphorylation. In contrast, the Src family tyrosine kinase inhibitors, PP1 (4-amino-5-[4-methylphenyl)]-7-[t-butyl]pyrazolo[3,4-d]-pyrimidine) and, PP2 (4-amino-5-[4-chlorophenyl]-7-[t-butyl]pyrazolo[3,4-d]-pyrimidine) concentration-dependently impaired phosphorylation of all three MAPK families. PP1 suppressed DON-induced phosphorylation of the MAPK substrates c-jun, ATF-2, and p90(Rsk). MAPK phosphorylation by two other translational inhibitors, anisomycin and emetine, were similarly Src-dependent. PP1 reduced DON-induced increases in nuclear levels and binding activities of several transcription factors (NF-kappaB, AP-1, and C/EBP), which corresponded to decreases in TNF-alpha production, caspase-3 activation, and apoptosis. Tyrosine phosphorylation of hematopoeitic cell kinase (Hck), a Src found in macrophages, was detectable within 1 to 5 min after DON addition, and this was suppressed by PP1. Knockdown of Hck expression with siRNAs confirmed involvement of this Src in DON-induced TNF-alpha production and caspase activation. Taken together, activation of Hck and possibly other Src family tyrosine kinases are likely to be critical signals that precede both MAPK activation and induction of resultant downstream sequelae by DON and other ribotoxic stressors.